Background: At most centers, general anesthesia (GA) has been preferred for endovascular treatment (EVT) of ruptured intracranial aneurysms (RIAs). In this study, we analyzed procedural results, clinical outcomes, and follow-up angiographic findings for patients undergoing EVT for RIA under local anesthesia (LA) with conscious sedation (CS).
INTRODUCTION
Since the International Subarachnoid Aneurysm Trial demonstrated its safety and efficacy, endovascular treatment (EVT) involving coil embolization has been a mainstay of treatment for both unruptured and ruptured intracranial aneurysms. 1 At most centers, coil embolization for ruptured intracranial aneurysm (RIA) is performed under general anesthesia (GA), which provides optimal conditions for the procedure. 2 However, GA does not allow the evaluation of neurological status during the procedure, and several complications are associated with mechanical ventilation and anesthetics. 
METHODS

Patients and data collection
We retrospectively evaluated findings from 308 con- 
Angiographic follow-up
First and second follow-up radiologic examinations were performed using conventional catheter angiography at 6 months and 1.5 years after the initial procedure. If the second examination showed no recanalization or no change of minor recanalization, a third follow-up angiography was performed using magnetic resonance angiography (MRA) one year after the second follow-up. If conventional angiography was not feasible, the exams were performed using MRA with three-dimensional reconstruction. The angiographic outcomes were determined based on RaymondRoy occlusion classification.
7
Statistical analysis
Statistical analyses were performed with SPSS version 21.0 software for window (SPSS Inc., Chicago, IL, USA).
Univariate analysis using Fisher's exact test, independent sample t-test, and Pearson's χ 2 test were used, as appropriate. Multivariate logistic regression was performed to assess the independent contributions of HH grade to morbidity, mortality, and the degree of aneurysm obliteration.
The results were considered significant for P values <0.05.
RESULTS
Characteristics of patients and aneurysms
During the study period, a total of 308 consecutive patients harboring 399 aneurysms who had presented with aneurysmal SAH were treated via EVT. patients were treated for two aneurysms at the same time.
Of the 320 aneurysms treated, most lesions involved the anterior (n=280, 87.5%), rather than the posterior circulation (n=40, 12.5%). The aneurysms were located in the following vessels: internal carotid artery (n=38, 11.8%), posterior communicating artery (n=66, 20.6%), middle cerebral artery (n=54, 16.8%), anterior communicating artery (n=101, 31.5%), anterior cerebral artery (n=21, 6.5%), and vertebrobasilar system (n=40, 12.5%). The mean aneurysm size was 6.2±3.5 mm and a total of 105 (32.8%) large aneurysms (7 mm or greater) were observed. Mean heightto-neck ratio of the aneurysms was 2.2±0.9. Table 1 shows the characteristics of patients and aneurysms.
Procedural results, complications, and clinical outcomes
The median door-to-puncture time was 2.73±0.33
hours, while mean procedure time was 2.26±1.1 hours.
Simple coil embolization (CE), stent-assisted CE, balloon and stent-assisted CE were performed for 232 (72.5%), 71 (Table 3) . Twenty-eight of these aneurysms were retreated due to major recanalization.
Adequate occlusion immediately after retreatment was achieved for 27 of 28 aneurysms. Values are presented as number (%) or mean±standard deviation. 
DISCUSSION
In most centers, EVT for RIAs has been preferred under GA, which allows for airway protection, the maintenance of patient immobility for high image quality, and prevents sudden unexpected complications related to patient motion during the procedure. 2 However, LA allows for neurological evaluation during the procedure, shortens the procedure room time, and reduces complications that occur under general anesthesia and mechanical ventilation, such as cardiopulmonary morbidity and mortality. 3, 8, 9 In a systematic review and meta-analysis of 1,956 patients treated Ogilvy et al. 11 reported a high rate of successful procedure completion (74.6%) and low rates of overall procedure-related morbidity (1.2%) and mortality (0.6%), for a total of 496 unruptured aneurysms treated by LA with CS. In this study, even for non-selected RIAs, although mechanical ventilation was applied to 34 patients (11.0%), procedures were completed for most (307) of the 308 patients under CS, demonstrating the feasibility of EVT under LA with CS.
Furthermore, to the best of our knowledge, this is the first large-scale study to present the long-term follow-up angiographic results of non-selected RIAs treated by EVT under LA with CS.
EVT may lead to procedure-related complications.
Thromboembolic complications and intraprocedural perforation for intracranial aneurysms, including unruptured aneurysms under GA have been reported to occur in 11-12.5% and 2.5-5% of cases, respectively. 12-15 A previous study reported the rates of thromboembolic complications (7.7%) and intraprocedural rupture (3.8%) among patients with good grade SAH receiving CS. 4 Park et al. 5 reported a high rate of successful completion (98.4%) of RIAs treated by EVT under LA, but the intraoperative rupture rate (12.9%) was significantly higher for LA than GA, although thromboembolic rates (12.4%) were similar. This study showed a complication rate of 12.1% among patients with non-selected RIA, which included rates of thromboembolic events and intraprocedural perforation of 7.8% and 4.3%,
respectively. There were also no significant differences in procedural complications, obliteration degree of aneurysms after the initial procedure, and recanalization rate seen at follow-up angiography between the good grade SAH group and the poor grade SAH group. However, the rates of tracheal intubation and application of mechanical ventilation were significantly higher in the poor grade SAH group than in the good grade SAH group. Therefore, airway protection may be required for patients with poor grade SAH, even if the procedures are performed under LA with CS.
A major concern associated with EVT for RIA is the risk of recanalization of a coiled aneurysm, which potentially re-bleeds. Previous studies have reported various rates of recanalization following EVT for intracranial aneurysms, including unruptured aneurysms under GA, ranging from 7.7% to 52.2%. [16] [17] [18] Several studies have reported that RIA is a risk factor for the recanalization of coiled aneurysms. 17, 18 In this study, despite follow-up angiographic data collected primarily through conventional catheter angiography, the recanalization rate was 29.3%.
Re-bleeding is known to occur more frequently in the earlier phase after SAH, with the highest frequency occurring within the first 24 hours (15%), especially within the first 3-6 hours. 19, 20 Previous studies advocated for treatment of aneurysms as early as possible after SAH because the risk of poor outcome increased as time-to-treatment after SAH increased. [21] [22] [23] [24] In our study, EVT was initiated at a median of 2.73 hours after patients had arrived at the emergency room, and the mean procedure time was 2.26 hours. Early EVT was possible because there was no time required to prepare for GA, and it also shortened the total room time for the procedure.
Thus, our outcomes were comparable to the results of the above series performed under GA, as well as other studies under LA. Table 5 shows the summary of literature reports on EVT for RIA under GA.
Remifentanil is an ultra-short acting opioid which is quickly metabolized and does not accumulate in the tissue. 25 Continuous infusion of remifentanil with predictable pharmacokinetics has been used to achieve CS during various surgical procedures. [26] [27] [28] However, its continuous infusion can also cause respiratory depression and inhibition of the sympathetic nervous system, resulting in decreased heart rate and blood pressure. 25 A previous report demonstrated a higher incidence of respiratory depression in the CS group receiving remifentanil at an infusion rate of 0.1 µg/kg/min, compared to an infusion rate 0.05 µg/kg/min. 28 In this study, EVT for 89% of patients was completed without mechanical ventilation. However, severe respiratory depression occurred in two cases of CS and required urgent intubation during the procedures. These results highlight the caution that must be employed using LA with CS.
This study has several limitations. This study was a retrospective study performed at a single institution. As such, our results are susceptible to selection bias and the effects of an incomplete dataset. Furthermore, adverse events were self-reported, and we did not compare outcomes between those treated under LA and those treated under GA.
Although light sedation of the Ramsay sedation scale at 2 or 3 was desired for appropriate CS, there is a possibility that a considerable number of patients were overly-sedated by infusion of sedative drugs. LA may not be suitable for patients who are extremely restless and are deemed too risky to be treated under this type of anesthesia. Nevertheless, we experienced the feasibility of EVT under LA with CS for non-selected RIAs, and we hope that a future large prospective multicenter trial will verify our findings.
CONCLUSION
LA does not allow for high-quality radiographic imaging during EVT, and patients may experience discomfort and pain during the procedure. However, based on our experience, EVT for non-selected RIAs under LA with CS is feasible, and the rates of procedural complication and immediate, follow-up angiographic results were also compa- EVT, endovascular treatment; GA, general anesthesia; RIA, ruptured intracranial aneurysm; N, patient number; TT, timing of treatment; TE, thromboembolic events; IPR, intraprocedural rupture; CO, complete obliteration; RC, recanalization; R, retrospective study; NA, not assessed; P, prospective study. *Number of patients including unruptured intracranial aneurysms.
